Background and objectives: Strabismus surgery is a frequently performed pediatric ocular procedure. A frequently occurring major problem in patients receiving this treatment involves the oculocardiac reflex. This reflex is associated with an increased incidence of postoperative nausea, vomiting, and pain. The aim of this study was to investigate the effects of a sub-Tenon's block on the oculocardiac reflex, pain, and postoperative nausea and vomiting. Methods: Forty patients aged 5---16 years with American Society of Anesthesiologists status I---II undergoing elective strabismus surgery were included in this study. Patients included were randomly assigned into two groups by using a sealed envelope method. In group 1 (n = 20), patients did not receive sub-Tenon's anesthesia. In group 2 (n = 20), following intubation, subTenon's anesthesia was performed with the eye undergoing surgery. Atropine use, pain scores, oculocardiac reflex, and postoperative nausea and vomiting incidences were compared between groups.
Introduction
Strabismus surgery is one of the most frequently performed pediatric ocular operations. 1 However, it can cause unfavorable side effects during intraoperative and postoperative periods. Typically, the major problems associated with strabismus surgeries include increased risk of the oculocardiac reflex (32---90%). This reflex may occur in response to a retraction of the extra-ocular muscles and is associated with an increased postoperative nausea and vomiting (PONV) incidence (46---85%) resulting from the oculometric reflex.
In the pediatric population, another important problem is postoperative pain management. Because of potential side effects, opiates and non-steroidal anti-inflammatory drugs should be used cautiously in these cases, particularly in outpatient surgeries. In recent years, regional anesthesia techniques have been recommended in conjunction with general anesthesia.
5 ---8 Sub-Tenon's block is one of the regional anesthetic techniques used in ocular surgery. This technique involves local anesthetics being injected posterior to Tenon's capsule.
In this study, we aimed to investigate the effects of a sub-Tenon's block on the oculocardiac reflex (OCR), pain, and postoperative nausea and vomiting (PONV).
Methods
Forty patients aged 5---16 years with American Society of Anesthesiologists (ASA) physical status I---II undergoing elective strabismus surgery were included in this study. All the parents were informed and gave their written consent. Ethical approval for this study was provided by the local Ethics Committee. Patients with an ocular pathology other than strabismus, patients allergic to the anesthetic agent, and children without communication abilities were excluded. During the preanesthesia evaluation, children were encouraged to report postoperative pain, if present. For premedication, 0.5 mg/kg midazolam in a particle-free fruit juice was orally given to all patients 1 h before surgery. Anesthesia induction was achieved by 2.5 mg/kg propofol, 1 g/kg fentanyl, and 0.6 mg/kg rocuronium. Patients were intubated to secure their airway. Anesthesia was maintained by 2---3% sevoflurane in a 50%:50% (v/v) O 2 to air mixture. No additional fentanyl dose was used. Sevoflurane concentration was increased by 0.5% when an increase higher than 20%, compared to baseline values, occurred in heart rate and mean arterial pressure (MAP). End-tidal CO 2 pressure was maintained between 30 and 35 mmHg during surgery.
The patients were randomly assigned into two groups by using a sealed envelope method. In group 1 (n = 20), patients did not receive sub-Tenon's anesthesia. In group 2 (n = 20), following intubation, sub-Tenon's anesthesia was performed with the eye undergoing surgery. Sub-Tenon's anesthesia was performed with 5% bupivacaine (0.08 ml/kg). Under sterile conditions, a 19-gauge curved, blunt metallic cannula (25 mm) was inserted into sub-Tenon's space and the local anesthetic was injected. Surgery began 5 min after the subTenon's injection.
All patients were monitored for heart rate, blood pressure, peripheral oxygen saturation (SpO 2 ), and end-tidal CO 2 . These variables were recorded at intervals of every 5 min. OCR was considered an acute increase, higher than 20%, in heart rate or an acute decrease in heart rate below 60 beats/min. In the case of OCR in this study, the surgical stimulus was withdrawn. If a patient did not respond, atropine was given. Intraoperative follow-up was performed by an anesthesiologist blinded to study groups. Paracetamol (15 mg/kg, i.v.) was given to all patients 15 min before completion of the operation. When the operations were completed, patients were extubated by an antagonizing neuromuscular block with neostigmin and atropine. Pain, nausea, and vomiting were assessed at 30 min and at 1, 2, 4, and 6 h after surgery. Postoperative follow-up was performed by clinicians blinded to study groups. Postoperative pain was assessed by using a verbal pain scale (0 = no pain; 1 = mild pain; 2 = moderate pain; 3 = severe pain; 4 = very severe pain). Additional analgesic doses (ibuprofen, 10 mg/kg, p.o.) were given to patients with pain at a moderate or higher level. Numeric scoring was used for PONV (0 = no nausea; 1 = nausea is present, but no vomiting; 3 = vomiting once within 30 min; 4 = vomiting two or more times within 30 min). Ondansetron (0.1 mg/kg, i.v.) was given in cases of vomiting.
SPSS for Windows, version 15.0, was used for statistical analysis. Both descriptive and analytical statistics were used. Chi-square/Fischer's tests were used for comparisons between categorical variables. Normal distributions of continuous variables were tested with a Kolmogorov---Smirnov test. Mann-Whitney U tests were used to compare median values between groups. Statistical significance was considered as p < 0.05 for all statistical analysis.
Results
In this study, 40 patients were assigned to one of two groups with 20 patients per group. There were no significant differences between groups regarding age, gender, weight, number of muscles operated on, and operation times (p > 0.05). Demographic data are shown in Table 1 .
Although the OCR developed in fewer patients in group 2 (n = 7) compared to group 1 (n = 10), there was no significant difference between groups (p > 0.05). There was also no significant difference in atropine use due to the OCR between groups (p > 0.05; Table 2 ). Although PONV was observed in fewer patients in group 2, there was no significant difference in PONV scores between the groups (p > 0.05). In group 1, there was nausea in four and vomiting in seven patients, whereas in group 2, there was nausea in two patients and vomiting in two patients (Table 2) .
When pain scores 30 min after surgery were considered, pain scores were significantly lower in group 2 than in group 1 (p < 0.05) (Fig. 1) . Additional analgesic needs during the postoperative period were significantly lower in group 2 compared to group 1 (p < 0.05). Fifteen patients needed additional analgesic doses in group 1, while only six patients needed additional analgesic doses in group 2.
Discussion
Regional anesthesia is used as an adjunct to general anesthesia in children. Several studies have reported that preoperative regional blocks reduce the need for intraoperative anesthetic and opiates, and it contributes to postoperative analgesia. 9---12 In ophthalmological surgery, several types of regional blocks are used including peribulbar, retrobulbar, and sub-Tenon's blocks. However, in peribulbar and retrobulbar blocks, systemic life-threatening complications or ocular complications may occur. These conditions may include subarachnoid, intravenous local anesthetics injections, ocular complications, such as globe perforation, nerve injury, and retrobulbar hemorrhage that may potentially cause loss of vision. 13---16 As subTenon's block is performed under direct visualization, it provides a safe anesthesia with minimal risk for severe complications. 17, 18 OCR, a trigeminal---vagal reflex response manifesting as cardiac arrhythmias and hypotension, occurs in response to retraction of extra-ocular muscles during strabismus surgery. Several maneuvers have been proposed to eliminate or reduce OCR in the literature. However, none of these methods are considered effective, safe, or acceptable. 1, 3 Intramuscular administration of anticholinergic agents used in premedication, such as atropine and glycopyrrolate, are inadequate in preventing OCR. 19 In strabismus surgery, manipulation of extraocular muscles also increases PONV incidence by stimulating the oculometric reflex. 1,3---5 A study in which propofol anesthesia was used in pediatric strabismus surgery reported that sub-Tenon's block significantly decreased OCR and PONV incidence. 5 In our study, although OCR and PONV were less commonly observed in the group that underwent sub-Tenon's block, the difference between groups was not significant. The difference between two study groups, despite identical numbers of patients in groups, could be due to the distinct anesthetic methods used. Propofol infusion could have contributed to decreased PONV incidence. However, this does not explain the lower incidence of OCR.
In the pediatric population, another major problem is postoperative pain management. In recent years, sub-Tenon's block has frequently been used in ophthalmic surgery, as it provides akinesia in the globe and has potential advantages over needle-based blocks. 1, 17, 20 In a sub-Tenon's block, local anesthetic is injected posterior to Tenon's capsule and distributed with extraocular muscles, thereby exerting anesthetic and analgesic effects. 20, 21 A study by Steib et al. 5 reported that sub-Tenon's block decreased postoperative pain when compared to a control group that was injected with saline. In another study, sub-Tenon's block was compared to an intravenous fentanyl injection and reported that sub-Tenon's block provided better analgesia. 7 In our study, postoperative pain scores and the need for additional analgesic were decreased in the group that underwent sub-Tenon's block; these results are in agreement with literature. 5, 10, 22 In conclusion, we think that sub-Tenon's block, combined with general anesthesia, is not effective or reliable in decreasing OCR and PONV. Further studies with larger sample sizes are needed; however, a sub-Tenon's block is safe for reducing postoperative pain and the need for additional analgesia in pediatric strabismus surgery.
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